Background: Estimation of facial aging has assumed growing importance due to the advent of several antiaging therapies. Evidence-based estimation of global facial aging is often necessary, especially for validation of these treatment modalities. Most available methods are expensive and have been used in fair skinned individuals. Aim: We attempted to develop a clinical rating scale for the estimation of global facial aging applied on an Indian population which has brown to black skin. We have also measured the association of this rating scale score with the chronological age. Methods: Initially, a 14-item summated rating scale was developed with inputs from fi ve dermatologists and a clinical pharmacologist. The rating scale was applied to 105 consenting subjects with healthy facial skin between 30 to 90 years of age. Intra-and inter-rater reliability was assessed. Results: The summated rating score showed a signifi cant positive correlation with the chronological age (Pearson's correlation coeffi cient 0.834, P < 0.001). We omitted one item from the scale due to a low inter-rater agreement. The resulting 13-item rating scale was internally consistent (Cronbach's alpha: 0.905), with substantial inter-and intra-rater reliability (intraclass correlation coeffi cient: 0.973 and 0.788, respectively). Principal components and predictive equation for perceptible age were identifi ed on further computation. Limitations: Participants of this study were limited to a particular ethnic group from West Bengal and other neighboring states of Eastern India.
INTRODUCTION INTRODUCTION
Aging is an inevitable process of accumulation of physical, psychological and social changes over time and is practically irreversible. Facial aging creates special concern due to its esthetic and social impact. Various intrinsic and extrinsic factors affect the appearance of the human face over time including genetic makeup, loss of teeth, smoking, sun exposure, other environmental influences and gravity. [1] The human face may look older than it actually is due to accelerated skeletal, soft tissue and dermatological changes. [2] Loss of facial skin elasticity and hydration and loss of facial volume results in the development of wrinkles. [1] Signs of facial aging may show considerable ethno-racial variation due to a diversity in the genetic blueprint of different geographical populations. [3] Perceptible aging changes in the face are a serious area of concern for many individuals and since time immemorial human beings have tried to arrest and mask these changes to try and regain a youthful appearance. [4, 5] Technological developments in cosmetic dermatology have led to the introduction of various anti-aging strategies for the face such as fillers, botulinum toxin injection, lasers, chemical peeling and surgical interventions. [6] [7] [8] [9] [10] [11] Since beauty and perception of age are largely subjective concepts, there have been various efforts to quantify facial aging so as to be able to assess the need and impact of esthetic interventions. These approaches included summated rating scales using face photographs, estimation of biomarkers of aging, confocal microscopy of facial skin, etc. [12] [13] [14] However, these approaches are largely resource and technology driven. Researchers have also attempted to estimate facial aging according to a specific facial area (such as clinical score for lateral canthal lines) since surgical intervention focuses on a particular area of the face at a time. However, in real life this piecemeal approach does not have much clinical relevance when the anti-aging treatment is applied to the whole face. [15] There is a scarcity of validated and reliable global facial aging scales. Rzany et al. have developed one such scale validated for European skin types using photographs. [12] Bernois et al. developed a similar rating scale for the quantification of facial aging among Indian women from the Western part of India. [16] In these scales, quality of the photograph and its display system (screen quality and size, image luminosity, etc.) becomes critical in estimating facial age. [17] Moreover, some aging manifestations such as skin texture, laxity of skin and wrinkle intensity are best estimated by simultaneous visual as well as tactile assessment which is not possible while estimating facial age from a photograph. This limitation underlies the need for the development of a facial aging scale for Indian skin types that is not dependent on photography.
Through the present study, we attempted to develop and validate a simple summated clinical rating scale (Facial Aging Rating and Evaluation scale) for quantification of facial age in Indian subjects, to be used by dermatologists by means of live clinical assessment. We also assessed the correlation between facial aging as quantified by this score, and chronological age of the subjects.
METHODS METHODS
This analytical observational study was conducted in the dermatology outpatient department of a tertiary care hospital in eastern India (Institute of Postgraduate Medical Education and Research, Kolkata, West Bengal) after obtaining approval from the Institutional Ethics Committee. Subjects from 30 to 90 years of age of both genders, with Fitzpatrick skin types IV through VI (common in the Indian population) were selected. [18] Subjects having abundant facial hair, loss of more than 3 teeth from either the upper or the lower set, moderate to heavy smokers (greater than 10 cigarettes per day), predominantly outdoor workers with more than 3 hours of sun exposure per day, scarring, human immunodeficiency virus (HIV)-related lipoatrophy, facial skin disease or any uncontrolled systemic or dermatological diseases that may influence facial appearance were excluded. Only anti-aging therapy-naive subjects were selected. We adopted a convenience sampling strategy. All study related activities were conducted after obtaining written informed consent from the selected subjects. The correlation coefficient of aging score and chronological age using the rating scale by Rzany et al. was reported as 0.77. [12] We assumed a sample correlation coefficient of 0.60 between the summated score of our aging scale and chronological age and a population correlation coefficient of 0.77. Considering 90% power and 5% alpha error, we intended to obtain complete data from 101 evaluable subjects and recruited 115 consenting subjects, anticipating a 15% dropout rate. The sample size was calculated using nMaster version 2.0 (Copyright: Biostatistics Resource and Training Centre, CMC, Vellore).
Construct definition was established at the outset of rating scale development by the authors who selected commonly perceived facial aging signs as items for the proposed rating scale. The morphological effects of facial aging are conventionally assessed across three main domains of the face, upper third (forehead and brows), middle third (mid-face and nose) and lower third (chin, jaw line and neck). The group selected 2 items from the upper third, 4 from middle third, 5 from lower third and 2 additional items as general attributes of facial aging. The items selected are shown in Table 1 . All items were scored on a scale of 0-3 according to increasing order of severity, as indicated. The initial rating scale was modified after taking the opinion of a peer group of five dermatologists and one clinical pharmacologist, in order to achieve construct validity. The rating scale was independently applied to study subjects by two dermatologists separately on the same day. The severity scales for the majority of the items were objectively quantifiable as reflected in Tables 1 and 2 . Observers were trained by showing prototypes of each category, or by showing characteristic images prior to rating for relatively subjective items (e.g., item number 11 and 12). One dermatologist re-applied the scale on the same subjects at an interval of 14 ± 2 days. Duplicate and repeat assessments were conducted to assess inter-and intra-rater reliability, respectively.
Statistical analysis
Statistical Package for the Social Sciences (SPSS) version 20 statistical software (IBM Corporation) was used for analysis. Summary statistics is presented for demographic variables. Differences between subgroups were assessed by Student's independent samples t-test and Mann-Whitney U-test for numerical parametric and non-parametric datasets respectively; two-tailed P < 0.05 was considered statistically significant. Intra-and inter-rater reliability was computed for each skin aging item using intra-class correlation coefficient. An intra-class correlation coefficient of 0.00-0.20 was considered slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substantial and 0.81 or greater as almost perfect agreement. [19] Items with substantial intra-and inter-rater agreement (lower bound of 95% confidence interval of intra-class correlation coefficient >0.6) were retained while those not fulfilling this criterion were modified. Internal consistency of the scale was tested using Cronbach's alpha with an all item value >0.8 considered necessary for declaring the scale as an internally consistent scale. [20] Corrected inter-item correlation coefficient was calculated to check the validity of individual items with a value ≥0.4 being considered acceptable. The association between chronological age and rating scale total score was quantified using Pearson's correlation coefficient.
As a secondary objective, factor analysis and principal component analysis was performed to identify if there were any common dimensions to the scale. Exploratory factor analysis was carried out for all three rating cycles to establish the consistency of rating (factorial structure) across raters. This was followed by confirmatory factor analysis. The summated item score of three rating cycles was considered to confirm the number of dimensions of our rating scale. The Kaiser rule of eigenvalue >1 and eigenvalue scree plots were the main criteria used to determine the number of dimensions. [21, 22] In interpreting the rotated factor pattern, an item was said to load on a given dimension if a 2 /h 2 (a 2 = square of the factor loading for that dimension, h 2 = variable communality) was 0.5 or greater (Furntratt criterion). [12] 
RESULTS

Of 115 subjects recruited, three complete sets of observations were available for 105 subjects. Ten subjects did not turn up for repeat assessment after 2 weeks and their data has been excluded.
Mean (standard deviation) age of the 105 subjects was 52.3 (12.9) years with the proportion of subjects in decadal age bands from third to eighth decade of life being 17.1%, 25.7%, 26.7%, 15.2%, 13.3% and 1.9%, respectively. Of 105 subjects 50.5% were men. There was no statistically significant difference in the mean The inter-and intra-rater reliability validation and internal consistency assessment have been summarized in Table 3 . The scoring of all three ratings was consistent. Cronbach's alpha for the scale comprising all 14 items was 0.897. However, among 14 items, solar keratosis was found to have a low index of inter-rater agreement compared to other items. It also showed a low corrected item total correlation coefficient (0.023) signifying a lack of importance of this item in the rating scale. Hence, we decided to delete the item from the rating scale for further analysis. The summary of the actual score for all three ratings (individual item score and total score) are presented in Table 4 and the mean scores of decadal age bands are presented in Table 5 . Figure 1 shows the scatter plot associating average (three rating) summated score of the 13-item rating scale and chronological age of the 105 evaluable subjects. Pearson's correlation coefficient between chronological age and the total score was 0.834 (P < 0.001).
The Mann-Whitney U-test did not reveal any significant difference in the facial aging scores of males and females (P = 0.239). When individual item scores were compared between genders, the difference in scores for perioral and lip wrinkles at rest was statistically significant (P value 0.012, 0.049, respectively), with the mean rank greater for women (females 58.38 vs. males 47.72 for lip wrinkles and females 60.07 vs. males 46.07 for perioral wrinkles).
We also performed a simple linear regression for prediction of perceptible age from the score and found Factor analysis and principal component analysis identified two common dimensions to the 13-item facial aging scale after deleting the solar keratosis item. An acceptable solution in terms of goodness-of-fit (Kaiser-Meyer-Olkin measure of sampling adequacy >0.8) was obtained with two factors for all three rating cycles by exploratory factor analysis. The principal axis method was used to extract the dimensions and this was followed by a varimax rotation. A pattern of loadings >0.5 emerged which is consistent across raters. Therefore, the items across all three sets of ratings were merged by summing. On confirmatory factor analysis, two dimensions or factors were retained accounting for 33.7% and 30.2% of the total variance of facial aging score, respectively. Table 6 denotes the loading of individual items on these two dimensions. A substantial correlation was observed between factors 1 and 2 (r = 0.673).
Photographs depicting the facial aging signs are presented as Figures 3-15 .
DISCUSSION DISCUSSION
The development of a validated rating scale for the clinical estimation of facial aging is required for objectively evaluating anti-aging therapy. In this study, we have developed an easy-to-use clinical rating scale for facial aging suitable for application in brown to dark skin population. The age distribution of study subjects was homogenous over a range of 30-90 years. On literature review, we were unable to find any previous reports on the development of facial aging rating scale by clinical assessment. The avoidance of photography has inherent advantages as already stated.
Our study group felt a need for constructing facial aging scale due to perceived limitations of the existing tools. The items representing aging signs of lower face and neck were inadequately selected in the validated geriatric facial aging scale developed by Allerhand et al. [23] The rational mechanism of the statistically derived dimensions from facial aging scale (MERZ scale) is inadequately addressed by Rzany et al. [12] These scales were validated on subjects with either an age greater than 80 years or less than 65 years, respectively. To overcome limitations of a narrow age cohort, we included subjects over a wide age range.
Our study revealed substantial intra-and inter-rater agreement of overall scores on repetition of rating. The scale, therefore, appears to be a reliable instrument for estimation of facial aging. All items in the scale individually showed an acceptable degree of reliability, except solar keratosis, which showed moderate intra-rater and poor inter-rater reliability. Although, this disagreement may have been avoidable if the raters had used a dermoscope during evaluation, we discarded this item from the final scale since we wanted a scale independent of any sort of instrument use. A moderate inter-rater reliability of cheek skin elasticity (intra-class correlation coefficient = 0.52, 95% confidence interval: 0.30-0.68) suggests that this item may not be as objective as the others. However, this item was retained in the scale as the intra-class correlation coefficient was >0.5.
A review of literature shows that the most important determinant of perceptible age is the chronological age; hence, the latter was was chosen as the external criterion for the purpose of validation of our summated rating scale. [4] A satisfactory positive linear correlation between total score and chronological age, and increasing scores through the decadal age bands, supports the validity and usefulness of this scale. From the regression equation, dermatologists will be able to predict the perceptible age of their patients and hence, the requirement of anti-aging therapy can be determined and evaluated.
Overall facial aging score and chronological age were comparable between genders. However, a gender difference in the severity of perioral and lip wrinkles was observed with women showing more lip and perioral wrinkles than men of a comparable age. The reason for this difference is still obscure and a potential area for further research. On literature review, it was found that lip and perioral wrinkles develop due to degenerative changes of skin and orbicularis oris muscle rather than from loss of lip volume. Genetic factors may explain the localized accelerated degeneration in woman subjects. [24] Rzany et al. also found a greater propensity towards lip wrinkles among women. [12] Principal component analysis was performed to extract common dimensions of our scale. The factor loading pattern of individual items suggests two main dimensions, both of which can explain the variability of more than 30% of this scale. The first dimension consists of the items forehead lines at rest, upper eyelid laxity, visible bony prominences of upper cheek, fullness of cheeks, nasolabial fold at rest, cheek skin elasticity, lip wrinkles at rest, perioral wrinkles at rest and pigmented spots. The other dimension consists of upper eyelid laxity, infraorbital laxity, nasolabial fold at rest, lip wrinkles at rest, descent of corner of the mouth, jaw line at rest and neck volume at rest. It is noteworthy that items from the first dimension mostly result from degeneration of skin and subcutaneous tissue. On the other hand, items from the second dimension result from gravitational effect These were named as wrinkles and sagging, respectively, by Allerhand et al., who found a similar component composition in their facial aging scale. [23] Interestingly, we did not find pigmentation to be an important factor, in contrast to the study by Guinot et al., in which the study population had fair skin. [25] Pigmented spots do not appear to be an important determinant of the score, possibly due to darker skin hue of Indians. A similar factorial structure was reported by Bernois et al., where the study population consisted of woman subjects from western India. [16] Although wrinkling and sagging Limitations of the study need to be mentioned. There is no scope for post-rating re-evaluation of the scores in clinical assessment. We took photographs of hallmark aging signs which might be utilized for raters' training purpose subsequently. Besides, this scale was not tested on subjects below 30 years and above 90 years of age since aging signs are not prominent below 30 and subjects above 90 rarely visit the outpatient department. The majority of subjects were from a particular ethnic group, individuals born and brought up in West Bengal or neighboring states of Eastern India and this may influence the generalizability of the scale. There is a need for validating the scale at extremes of age and in various ethnicities. However, our findings are broadly in agreement with those reported from the western part of India suggesting that our scale may be valid in other parts of India. [16] Due to resource constraints, we could not evaluate the cost and convenience of using a photographic scale compared to our clinical scale. Cross-validation of this scale in a different country with similar skin types may be an interesting area of future work. Another area of further research could be a comparative assessment of facial aging scores for various age groups, especially focusing on the target age groups among whom this scale is more likely to be applied in clinical practice. In this study, the summary statistics of facial aging scores for age groups represented the pattern of aging and normal aging scores among the participants, over ranges of chronological age.
CONCLUSION CONCLUSION
We have developed a 13-item rating scale for the evaluation of facial aging in Indian subjects through clinical examination of skin changes. This should prove useful in anti-aging research and in esthetic practice in the Indian population. Dermatologists can use this scale to screen patients who are seeking treatment for facial aging.
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